The triple gauge couplings are completely defined by the non-Abelian gauge nature of the Standard Model, precision measurements of these couplings at the present and future colliders in this way provide a substantial opportunity to test the gauge structure of the Standard Model. Also, measurements of these couplings are sensitive to new physics beyond the Standard Model. In this context, these couplings can be described by an effective Lagrangian. Here, we have studied the potential of the future µp colliders on the anomalous W W γ interactions via the subprocess γ * p → W − ν µ . This subprocess has been generated through the main process µp → µγ * p → W − ν µ p at the LHC-µp, the FCC-µp and the SPPC-µp. For these reasons, the total cross sections have been obtained as a function of the anomalous W W γ couplings. Also, we have been calculated the best constraints on c W W W , c W and c B parameters that define the anomalous W W γ interactions.
I. INTRODUCTION
The Standard Model (SM) is a successful theory at defining the particle physics phenomena in reachable energy limits of current collider experiments. However, the SM needs to be extended to clarify some problems non-zero neutrino masses, the strong CP problem and matter -antimatter asymmetry in the universe. Therefore, there is a great motivation for new physics research in theoretical and experimental physicists. 
where L SM is renormalize SM Lagrangian, C 
where three C and P conserving dimension-six operators are given by:
where Φ is the Higgs doublet field. The covariant derivative D µ is as follow:
where τ i are the SU(2) I generators with Tr[τ i τ j ] = 2δ ij ; i, j = 1, 2, 3. The field strength tensors of the SU(2) I and U(1) Y gauge fields are respectively given by:
where g and g ′ are SU(2) I and U(1) Y couplings, respectively. The effective Lagrangian for W + W − γ interaction can be written as follows [18] :
is the field strength tensor for photon. g γ 1 , κ γ and λ γ anamolous parameters at the first three terms of Eq. (9) are both C and P conserving and g γ 4 , g γ 5 ,κ γ andλ γ anamolous parameters at the remaining four terms are C and/or P violating. Electromagnetic gauge invariance requires that g γ 1 = 1. In the SM, the anomalous coupling parameters are given by κ γ = 1 and λ γ = 0. There are only two anamolous parameters, κ γ and λ γ , in the absence of C and/or P violation beyond the SM. If the anamolous coupling parameters in the effective Lagrangian are reconsidered as six dimensional operators, the desired properties of the effective field theory remain unchanged.
The parameters can be reframed and transformed into c W W W , c W and c B [25] . Thus, the effective field theory approach allow the following coefficients to be expressed:
Here, c W W W , c W and c B parameters determine new physics contributions. In the SM, the anomalous coupling parameters are given by c W W W = 0, c W = 0 and c B = 0.
The anomalous W + W − γ couplings have been studied on the parameters of κ γ and λ γ at the LEP [26] , the Tevatron [27, 28] and the LHC experiments [29, 30] 
II. MUON-PROTON COLLIDERS
Studies of accelerator physics that deal with various types of collisions make significant contributions to new physics research in particle physics. Hadron colliders are called discovery machines that have the highest center-of-mass values, whereas the lepton colliders and the lepton-hadron colliders are known as precision machines have the lower ones. The LHC, the most powerful and largest circular pp collider ever built, will be developed gradually with the developing accelerator technology. Nevertheless, the search for new physics at beyond the SM makes the lepton-hadron colliders as an important potential candidate in the future of particle physics. In this post-LHC process, it is planned that the LHC will be first transformed into the Large Hadron electron Collider (LHeC) having an electron ring to be tangentially constructed to the main tunnel of the LHC and after the completion of the LHeC programme, the LHC-µp will be operated as new lepton-hadron colliders by replacing the electron ring with the muon ring [32] . On the other hand, the Future Circular Collider (FCC) is considered a circular collider at CERN for the post-LHC era. The FCC project is planned as a future pp collider with √ s = 100 TeV and supported by the European Union for this research within the Horizon 2020 Framework Programme. It is also contemplated that e + e − , µµ, µp and ep colliders should be added. Construction of muon collider by adding a muon ring tangential to the FCC will enable to use of high proton energy. Thus, it provides an opportunity to investigate lepton-hadron collisions at high center-of-mass energy with µp and µA colliders [33] . Chinese scientists have designed a pp collider, namely Super Proton Proton Collider (SPPC), with a center-of-mass energy of 70 TeV in parallel to the FCC project. In the SPPC, e + e − , µµ, µp and ep collisions are also performed, such as the FCC.
µp colliders make it possible to use γ * γ * , γ * µ and γ * p interactions possible to study the new physics beyond the SM. The emitted photons from the incoming protons scattering at very small angels from the beam pipe. Thus, since these photons have very low virtuality, they are almost-real. The Equivalent Photon Approximation (EPA) is a facility in phenomenological investigates because it permits to obtain cross sections for the process γ * µ → X approximately via the study of the process µp → µ − γ * p → Xp process where X shows particles obtained in the final state. In addition, these interactions have very clean experimental conditions.
In this study, we have investigated the anomalous W + W − γ couplings through the process The subprocess µγ * → W − ν µ is described by two tree level Feynman diagrams given in Fig. 1 . Only one of these Feynman diagrams has the anomalous W + W − γ coupling arising from new physics effects. The calculations of cross section in this paper are simulated using MADGRAPH5 aMC@NLO [34] with the EWdim6 which is a model file that involves weak boson effective field theory [25] . The used values for muon energy, proton energy, centerof-mass energy and integrated luminosity at the LHC-µp [32, 35] , the FCC-µp [33, 36, 37] and the SPPC-µp [38] are given in Table I . We assume that the W − bosons produced from the subprocess µγ * → W − ν µ have the leptonic or hadronic decay channels. We consider With the help of statistical analysis, it is possible to determine deviations from the predictions of the SM in the cross sections caused by new physics contributions. Therefore, χ 2 analysis is performed to obtain the constraints on the anomalous coupling parameters at the 95% Confidence Level (C.L.). χ 2 function is defined by [39] [40] [41] :
Here, σ SM is the cross section in the SM and σ N P is the cross section containing the SM and new physics contributions. δ = 1 √ N SM is the statistical error. The number of SM events is presented by N SM = L × σ SM , where L is the integrated luminosity.
Moreover, statistical significance (SS) analysis is defined to obtain the constraints on the anomalous coupling parameters at the 99% C.L. as [42] 
where definitions of σ SM , σ N P and L are the same as in the paragraph above. times more sensitive than leptonic ones. The sensitivities obtained using the SS analysis for the anomalous c W W W coupling parameter in Table II is 2 times worse than that using the χ 2 analysis. While in Tables III-IV the minimum constraints of the obtained sensitivities using SS analysis for the anomalous c W and c B coupling parameters are 2 times worse than that using χ 2 analysis, the maximum constraints are approximately the same order in both analyzes.
IV. CONCLUSIONS
The aTGC, which enable the SM to be tested by the colliders, are of great importance for new physics research beyond the SM. We have investigated the anomalous W W γ interactions through the main process µp → µγ * p → W − ν µ p at the future µp colliders that are planned to be built in the future years. The cross sections of the LHC-µp, the FCC-µp and the SPPC- We have compared the colliders according to their sensitivity and concluded that the collider having the best sensitivity is the SPPC-µp collider. In addition, we have proved that the sensitivities on the anomalous c W W W , c W and c B coupling parameters are successful enough for all of the colliders by comparing our sensitivity results with the Ref. [31] . Therefore, we have determined that the LHC-µp, the FCC-µp and the SPPC-µp colliders provide new opportunities to investigate the anomalous W W γ couplings. 
